Background/Purpose: Current trends in cardiac surgical intervention are moving toward less invasiveness, w with smaller wound or sternum-sparing, less pump time or off-pump, and beating rather than arrested c heart. Data on the efficacy and safety of these newer less invasive techniques, as well as their cosmetic results, are limited. This study analyzed the results of a sternum-sparing mitral valve operation. Methods: Thirty patients with mitral valve diseases, including 20 who underwent mitral valve repair and 10 mitral valve replacement, were enrolled. Cardiopulmonary bypass was established via femoral cannulation, and blood cardioplegic arrest was induced by using a percutaneous, transthoracic cross-clamp. The main surgical wound was made over the lateral border of the right breast. Two additional small wounds w were required for the transthoracic aortic clamp and the mitral retractor. Results: There was no operative mortality, and all patients had an uneventful recovery. Two patients underwent redo mitral surgery. Nine associated procedures were performed including tricuspid valve annuloplasty in six patients, tricuspid valve replacement in two patients and atrial septal defect repair in one patient. The length of the main wound was between 5.8 and 7.8 cm (mean, 7.1 cm). The mean cardiopulmonary bypass time and cross-clamp time were 91.1 and 43.7 minutes, respectively. Although the length of stay was not significantly reduced compared with traditional median sternotomy, all patients had satisfactory results with good cosmesis. Conclusion: Sternum-sparing mitral valve surgery appears to be a safe and effective alternative to conventional mitral valve surgery; it is less invasive and provides superior cosmetic results for patients. ventional mitral valve surgery; it is less invasive and provides superior cosmetic results for patients. [J Formos Med Assoc 2006;105(9):715-721] 
Open-heart surgery has been well established for more than 50 years. Despite percutaneous interv vention having changed the treatment of cardiac practice, surgery still plays an irreplaceable role in the territory of valvular heart diseases. Mitral v valve surgery provides durable and reliable results. In the late 1970s, Carpentier developed the standard techniques of mitral valve repair, which resulted in less perioperative morbidity and mortality, and better survival and quality of life. 1 Thereafter, cardiac surgeons considered performing mitral valve repair as the first priority in the treatment of mitral valve diseases. 2 t Most mitral valve operations, however, were performed through midline sternotomy, creating a wound that has huge physical and mental impacts, especially for female patients. Some patients refused required cardiac surgery because of the midline scar. As other surgical disciplines follow the trend of reduced invasiveness, recent advances in techniques and technologies have made less invasive cardiac surgery feasible. 3 The safety and reproducibility of minimally invasive mitral v valve surgery are well documented. 4, 5 This study analyzed the result of a less invasive mitral valve surgery via right minithoracotomy.
Methods
Patients scheduled to receive less invasive mitral v valve surgery in our institute from October 2004 to September 2005 were eligible for this study.
Patients requiring associated cardiac surgical procedures, such as aortic valve replacement or coronary artery bypass grafting, were excluded. T The preoperative clinical characteristics of the patients are summarized in Table 1 .
Surgical techniques
A Anesthesia for less invasive mitral valve surgery is similar to the conventional approach except for double lumen endotracheal intubation. The patient was put in the supine position with a pillow under the right scapula ( Figure 1 ). The right upper extremity was raised in front of the face and wrapped on an iron rod ( Figure 2 ). The patient was disinfected and draped from neck to thigh. A right lateral mammary incision was made after the 4 th r intercostal space was identified. For cosmetic reasons, the incision was made to accommodate the shape of the breast or the anterior axillary fold. After the incision was made, Figure 1 . The patient was put in the supine position. The right upper extremity was raised in front of the face. The planned site of incision was marked. the plane under the pectoralis major muscle was dissected. The pleural cavity was entered through the 4 th intercostal space. Pleural adhesion was released, and the efficacy of one-lung ventilation w was confirmed. Another incision was made in the right groin. After dissecting the femoral vessels, femoral cannulation for cardiopulmonary bypass was performed. For isolated mitral valve operation, a multipore venous cannula (Edward Lifesciences, Irvine, CA, USA) was used. For procedures involving right atriotomy, a two-stage femoral cannula (Medtronic, Minneapolis, MN, USA) was used. The pericardium was then opened parallel to the right phrenic nerve, and the edges of the pericardium were kept open by stat sutures. All of these sutures were pulled outside the thoracic cage using a percutaneous suture passer in the desired directions. Under head light illumination, the operator can visualize the entire ascending aorta, superior vena cava and right atrium through the minithoracotomy. Adjustment of the v venous cannula to allow maximal drainage or advance into the superior vena cava can be done at this time. Dissection of the tissue plane between the ascending aorta and the right pulmonary artery was done to allow aortic crossclamping. A purse-string suture on the ascending aorta was made using 4-O prolene with pledgets. A A 2 mm stab incision was made followed by transthoracic puncture using a 2 mm miniport (Tyco, Norwalk, CT, USA). Under direct vision, the miniport was inserted into the ascending aorta in the center of the purse-string suture. A long, silastic tube was used to snare and fix the miniport. A 10 mm incision at the axillary area w was created for transthoracic Chitwood clamp (Estech, Danville, CA, USA) insertion. The Chitw wood clamp was inserted through the 2 nd or 3 rd intercostal space. After the cross-clamp was placed, cardioplegic solution was delivered through the miniport. Before the cardiac chamber was opened, a tiny catheter for continuous delivery of carbon dioxide was inserted through the thoracotomy w wound. The left atrium was then opened as in the conventional approach. The mitral valve w was exposed by a left atrial lift system (Estech).
The left atrial lift system was composed of three components: (1) a flexible arm mounted on the t side rack of the table for fixation; (2) a rod that t was inserted through a 5 mm incision at the right 4 th intercostal space medial to the minithoracotomy; (3) a blade that was inserted through the minithoracotomy and assembled with the rod y to lift the right atrium and interatrial septum. By using these instruments, the mitral valve and the c entire left atrium could be seen by the cardiac surgeons ( Figure 3 ). The following mitral valve procedures were similar to conventional methods except that longer instruments were used. r A classical rigid Carpentier ring was used for ring annuloplasty. The techniques used to make ties were modified with the assistant instructed to hold one of the sutures as the operator made g the knot and brought it down into place using a knot pusher (Scanlan, St Paul, MN, USA). y Cardioplegic solution was applied repeatedly as required without interrupting the procedures. After the main procedures were completed, the left atrium was closed routinely. A slit of loosening sutures was left for de-airing. t The miniport was removed, and the puncture hole on the ascending aorta was kept open for de-airing. The Chitwood clamp was released and removed in head-down position. The heart might resume its rhythm spontaneously or require defibrillation. In our initial experience, we applied the skin pads outside the thoracic cage for defibrillation. To minimize the cardioversion energy, we now prefer to insert these aseptic skin pads through the minithoracotomy wound. Minimal energy of 5-10 Joule can achieve defibrillation. T Transesophageal echocardiography (TEE) was used to monitor the de-airing process. Once air bubbles were not seen on TEE, the purse-string suture on the ascending aorta was tied using a knot pusher. The femoral vessels were repaired after weaning from cardiopulmonary bypass. T Two Jackson-Pratt drains were used for postoperative monitoring: one was inserted through the incision made for the Chitwood clamp, and the other through the incision made for the left atrial lift system.
Results
Using the techniques described in the Methods section, mitral leaflet repair was performed in 10 patients, ring annuloplasty in 10 and replacement in 10 patients (Table 2) . Quadrangular resection and posterior mitral annuloplasty were performed in eight patients and chordal transfer in two patients. The mean length of the thoracotomy wound w was 7.1 cm (range, 5.8-7.8 cm). The mean cardiopulmonary bypass time was 91.1 minutes (range, 50-196 minutes), and the mean crossclamp time was 43.7 minutes (range, 22-81 minutes). In order to reduce the number of incisions, two mitral valve repair and replacement procedures were performed without aortic cross-clamp. Six patients had associated tricuspid annuloplasty, two had tricuspid valve replacement, and one had repair of atrial septal defect. Two patients had failed mitral valvuloplasty, which required valve replacement. All patients had intraoperative TEE. None of the patients had more than trivial mitral regurgitation or paravalvular leakage. Technical success was achieved in all patients, and there was no operative mortality. One patient had excessive postoperative bleeding that required reopening. Oozing from the miniport puncture site was noted. Additional parasternal wound was created to fix the aortic bleeder. There was no severe pleural adhesion that precluded the procedure in this series. Out of 30 patients, 12 were extubated in the operating room. The mean ICU stay was 1.8 days (range, 1-8 days), and the mean hospital stay was 8.2 days (range, 5-19 days). All patients were satisfied with the cosmetic results ( Figure 4) .
Discussion
Most cardiac patients prefer conservative management or ev r en catheter-based intervention as their t first choice rather than cardiac surgery. A shift r to less invasive cardiac surgery is essential for surgeons to play an active role in modern practices. In the past decade, two approaches have been utilized to decrease the invasiveness of cardiac surgery. The first is elimination of cardiopulmonary bypass and cardioplegic arrest, and the second is minimization of access trauma through small incisions. Percutaneous balloon mitral valvulotomy offers short-term relief for mitral stenosis. 6 Although percutaneous interv ventions for mitral regurgitation have been clinically investigated, 7, 8 mitral valve surgery remains the modality that provides the most durable and reliable results in current practice. The performance of mitral valve surgery still requires cardiopulmonary bypass in our unit. Methods that reduce access trauma are likely to be increasingly adopted in line with the trend toward less invasiveness. One interesting feature of mitral valve diseases is female predominance. 9 Patients tend to have conservative management because they believe cardiac operations are major surgical interventions. Major operations imply high surgical risks and large surgical wounds. However, recent adv vances in cardiac surgery have reduced the overall surgical risks to a globally accepted level. 10 Sternotomy remains the patient's major fear. Although the patient desires the wound to be as small as possible, most surgeons want the procedures to be as straightforward as possible and prefer everything to be under direct control and handheld, which demands a larger incision. More and more cardiovascular procedures, however, have adopted the r minimally invasive approach by creating smaller or alternative incisions. 11 Mitral valve surgery can also be tailored to allow every patient to avoid the incisions of midline sternotomy. Most of the less invasive cardiac surgeries require cardiopulmonary bypass with femoral cannulation. The femoral bicaval cannula allows surgeons to achieve bicaval drainage with a single cannula inserted through the femoral vein. 12 Use of this device obviates the need for additional cannula or wound for superior vena cava drainage. Procedures involving right atriotomy can be done simply by snaring both vena cavae. We have apt plied this technique to perform atrial septal defect repair, ventricular septal defect repair and tricuspid f valve surgery. This also broadens the application of minithoracotomy in the field of valvular surgery. f One-lung ventilation is crucial. However, if the right pleural space is densely adherent, this approach will be impractical. If inadequate oxygenation is provided by one-lung ventilation, the procedures after cardiopulmonary bypass will be f troublesome, with surgeons fighting a period of desaturation to finish hemostasis. 13 Preoperative evaluation of lung function is necessary. We recommend lung function test for every patient to estimate the respiratory reserve. The de-airing procedure is critical in less invasive cardiac surgery. 14 r In order to minimize air bubble formation and enhance solubility, carbon dioxide should be routinely applied in the operative field. 15, 16 Gentle ambu-bagging prior to clamp release is also helpful. The miniport puncture site is kept open to allow air to escape from the ascending aorta until cardiopulmonary byg pass is terminated. Continuous TEE monitoring helps to ensure that the process of de-airing is completed properly.
An endoscope was used in only four cases in this series. In our early experience, we used an endoscope to enhance visualization and in an effort to reduce the wound. However, as the length f of minithoracotomy was limited by the blade of the left atrial lift system, the use of an endoscope did not provide any additional benefit and resulted in even worse cosmesis. Therefore, the procedure was modified so that patients underwent the operation under the operator's direct vision. Postoperative wound pain is an important morbidity of thoracotomy. Efforts to reduce wound pain include intercostal block with bupivacaine and cryotherapy, aggressive use of patient controlled analgesia, and the use of an automatic delivery system to infiltrate local anesthetic directly into the surgical site.
Currently, cardiac surgeons are facing more and more redo procedures from patients who have had previous mitral valve repair, previous coronary artery bypass surgery, and prosthesis dysfunction. In patients requiring redo mitral valve surgery, the minithoracotomy approach is a good alternative. 17, 18 The application of this technique to redo operations is limited only by the presence of pleural adhesion. Endoscopic assistance may be required to dissect these adhesions. Aortic crossclamping can be achieved by an endoaortic balloon, which avoids the need for dissection near the aorta. 19 The landmark of the left atrium is clear w when adequate venous drainage decompresses the right atrium. The redo operation is straightforward, with no need to deal with retrosternal adhesions. In addition to reduced access trauma, this approach reduces the risks of inadvertent dissection. For patients with a patent previous graft, such as the left internal mammary artery or saphenous vein, this approach can be done without encountering those difficulties. The trend towards less invasiveness in cardiac surgery has lagged behind those of other surgical disciplines. This may be partially attributable to the critical conditions that cardiac surgeons face, with little safety margin. The barrier that prevents cardiac surgeons from adopting less invasive cardiac surgery is not the nature of the surgical procedures, w which are not changed by these techniques, but by the totally different preparations, including the patient's position, the incisions and the methods used for setting up cardiopulmonary bypass, to achieve aortic cross-clamp, to deliver cardioplegic solution and to de-air. Technologic advances reduce the invasiveness of mitral valve surgery, its associated morbidity and achieve more durable results. Cardiac surgeons require constant rew training to adopt the continuously evolving new techniques. y In conclusion, less invasive mitral valve surgery via right minithoracotomy appears to be a feasible and safe approach, which provides improved cosmetic results.
